
pulled down and cut off. Each end was washed out with a
few drops of Locke's solution. In order to approximate the
ends without too much tension during the suturing, the elbow
was flexed. The divided artery was then united with the
technic referred to, which consists of inserting three tractor
sutures, fastening them around the buttons of an arterial
suture staff, and uniting the artery with a double mattress
stitch of 00000 silk in such a manner that broad endothelial
surfaces are oppose'd and the margins of the arterial wound
are averted (as in the accompanying illustration). When
the blood current was turned on, only a few drops of blood
leaked from the line of sutures. The sutured artery was
compressed with dry gauze and in a few'minutes it was dry.
The median nerve, which was partly divided, was repaired
with a single suture of arterial silk. This brought the fibers
together very accurately. After turning on the blood current
in the brachial artery, the pulse immediately appeared at the
wrist. A mattress suture of tanned catgut united the par¬
tially divided tendon of the biceps. A small flap of severed
muscle was sutured over the artery and the fascia was closed

Tractor sutures have been placed, fastened to the buttons on tho
suture staff, and the suturing of the first third of the artery has begun.
A double mattress suture is used. Olive oil is dropped on the suture
line.

with a continuous suture of tanned catgut. The patient left
the table with a pulse of 90 of good volume.

Results.—The wound healed primarily and the patient made
an uninterrupted recovery. There was anesthesia over a
portion of the index and middle fingers and over part of the
palmar surface of the thumb, and there was some motor
paralysis, all of which was due to the injury to the median
nerve. These symptoms gradually improved and the patient,
when examined about a year after the operation (April IS,
1921), had almost completely recovered from the effect of the
injury to the nerve. Pressure made over the artery at the
site of the arterial suturing completely obliterated the radial
pulse, which returned again when the pressure was removed.
Pulsation at the site of the sutured artery was distinct.

COMMENT

Ligation of the lower brachial artery in a patient, aged37, with an injury of such a character that some of
the anastomotic vessels were probably affected, would

doubtless have been followed by either gangrene or
ischemie pains on exertion, which would have impaired
the function of the right forearm. As he was a laborer,
this would have greatly interfered with his livelihood.
Suturing the artery doubtless also promoted the recov¬
ery of the injured nerve, because the portion of the
nerve distal to the injury had a normal blood supply
when the brachial artery was sutured, whereas liga¬
tion would have very materially interfered with the
nutrition of the forearm.

617 West Grace Street.

TREATMENT OF ARTERIOVENOUS
ANEURYSM

REPORT OF TEN CASES

JOHN F. CONNORS, M.D.
NEW YORK

The great war has broadened and influenced surgical
technic in many conditions which hitherto in civil life
have not been sufficiently often encountered to arouse
interest or individual initiative. My object, therefore,
in presenting this paper is to stimulate a greater interest
in the treatment of arteriovenous aneurysm, and to
show that this operation is not as difficult as the sur-

gical textbooks would indicate. While it is true that my
observations cover only ten cases, nevertheless, the sim-
plicity of this operation, while it is not new, urges me to
present it for your consideration. It is not my purpose
in this presentation to take up the etiology, pathogenesis
or symptomatology of arteriovenous aneurysm. The
reader is referred to the work of Dr. Rudolph Matas,1
to whom we are indebted to a great extent for his
efforts in this branch of surgery, and to Keen's Surgery
for a painstaking and exhaustive survey of the subject.

The use of the machine guns with their sharp-pointed
bullets and high explosives with their small shell frag¬
ments was responsible for the great number of vascular
injuries during the war. The frequency of these inju¬
ries might be gathered from the report of Bowlby,2 in
which he cites 277 wounds of blood vessels treated at a
single British casualty clearing station in the early days
of the Somme. Salomon estimated that up to 1918,
1,400 traumatic aneurysms had been operated on in
Germany. He also reports that 81 per cent, of the
aneurysms seen by him at the Frankfort hospital were
caused by through and through bullet wounds. Myobservation was in keeping with this report, for eightof my ten cases gave a similar history. Sir GeorgeMakin's reports tend to show that arteriovenous
was the commonest type of aneurysm with which we
had to deal. He observed 272 cases of aneurysm,152 of which were arteriovenous.

The question of treatment by ligature or suture will
have to be left open, for I am sure we have all seen
cases in which no other method but ligature could
have been practiced, particularly those cases in which
the wound was caused by high explosives. In these
wounds the coats of the artery and veins are usually
so badly damaged that no other treatment could be
adopted. The method of treatment by ligature has

Read before the Section on Surgery, General and Abdominal, at
the Seventy-Second Annual Session of the American Medical Associa-tion, Boston, June, 1921.

1. Matas, Rudolph: Ann. Surg. 71:403 (April) 1920.2. Bowlby, A.: Brit. M. J. 1:705 (June 2) 1917.
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gained some advocates, owing to a better understand¬
ing of the collateral circulation, which is a most impor¬
tant factor and one that must be well considered and
understood before attempting any operation on the
vascular system. The great fear we once had of
peripheral gangrene following the ligation of a main
artery has to some extent been dispelled by the work
of men who have devoted a great deal of time to
this investigation. Their work would indicate that
it is not so much the loss of the artery, as we have
always believed, but that the underlying conditions
play a large part in its formation. In this instance
I might refer to a case of ligation of the external
iliac artery and vein following a gunshot wound 3 in
which the patient made a complete recovery.

This operation was first performed on a patient
on whom I was making a repair of the median nerve.
I had had no thought of interfering with the aneurysm,
but when the nerve repair was completed, the ease
with which I was able to free the aneurysm en masse
from the surrounding tissues led me to attempt its
repair. It was my intention to repair the artery and
the vein, but it soon became obvious that I would
not be successful, so I decided to repair the open¬
ing in the artery which was about half an inch in
length and use the vein as an additional covering for
the suture line, using it as two flaps. This was

accomplished with so little difficulty and the result
obtained was so gratifying-

Fig. 1.—Clamp applied to
artery, and the vein ligated
above and below the connec¬
tion; dotted line, longitudinal
division of vein.

narrowing of the lumen. When
the suturing is completed, the
clamp is gradually released and
the amount of bleeding observed.
In the beginning, bleeding may
appear alarming; but gentle pressure with a hot pad will con¬
trol it, as a rule, though it may be necessary to add one or
more sutures. When the bleeding is controlled, the narrower
flap (Fig. 3 A) is folded over the suture line. Flap  is then
folded over flap A. No sutures are used to hold these flaps
in position. The field is then covered with fascia, thereby

3. LaRoque, G. P.: Ann. Surg. 73:265 (March) 1921.

causing the suture line to be covered by flaps A and  and a

layer of fascia.
REPORT OF CASES

Case 1.—J. D., aged 23, twelve weeks before admission
received a through and through gunshot wound of the left
arm, at the junction of the middle and lower thirds. He had
a paralysis of the superficial flexors of the hand. At the site
of the injury a small pulsating mass could be felt. With the
stethoscope, a decided bruit was heard. He suffered no pain

Fig. 2.—Vein opened, ex¬
posing the arterial connec¬
tion which has been sutured.

gunshot wound of the right axilla.
On admission it was found that he
had a mass protruding from the
outer border of the pectoralis ma¬

jor muscle. He said that this swelling interfered with
the function of his arm. At times, particularly at night,
he experienced a loss of sensation in his hand. There
was a marked difference in the radial pulse on this side.
The volume of the radial pulse on the injured side was

markedly decreased. Operation revealed an arteriovenous
aneurysm with slight dilatation of the artery at the site of
the connection with the vein. The vein itself was dilated to
about the size of an English walnut, presenting a picture
similar to an hour-glass. It was very apparent that the vein
could not withstand for any great length of time the pressure
of the blood coming from the axillary artery. I was a little
fearful in this case of ligating the axillary vein, but it was
obvious that this was all there was left for me to do. The
same method of procedure was followed in this case. Follow¬
ing the operation the arm was kept abducted and slightly
elevated, and continuous external heat was applied. For
three days the patient had a slight swelling of the entire arm,
which was numb and which the patient described as always
being "asleep.". The day following the operation his radial
pulse did not seem to have as much volume as before, and
at times it was imperceptible. On the fourth day gentle mas¬
sage was begun, after which time he gradually improved. At
the end of six weeks he was returned to the United States,
at which time he had almost entirely recovered the use of his
arm ; and the radial pulse on the injured side, although not so
good as on the opposite side, had greatly improved.

Case 3.—H. F. three months previously had received a high
explosive wound of the neck. He presented a pulsating tumor
at about the middle of the sternomastoid muscle. His chief
complaint was a buzzing in his left ear which interfered with
his hearing on that side. Operation revealed an aneurysm
connecting the common carotid with the internal jugular vein.

Downloaded From: http://jama.jamanetwork.com/ by a Virginia Tech User  on 05/14/2015



During manipulation I felt what I thought was a foreign body
on the inner side of the artery, about a half inch from the
arteriovenous connection. By gentle pressure from the oppo¬
site side of the artery I was able to extract a small fragment
of shell, about an eighth of an inch in length and folded upon
itself. I was amazed to find that there was no bleeding when
this extraction was completed, although up to this time no
clamp had been placed on the artery. The same method of
procedure was followed in this case, but the operation was
not completed with the same ease as in the two preceding cases,
owing to the location. This patient had a rather stormy con¬
valescence ; for three days he was just about on the border
line, and complained a great deal of dizziness and headaches,
but eventually he cleared up and was returned to the United
States.

Case 4.—M. J., aged 28, had received a high explosive
wound of the thigh. Nine weeks after injury he had a severe
secondary hemorrhage. At operation it was found that he
had an arteriovenous aneurysm of the femoral below the
origin of the profunda. A large clot almost completely filled
the lower end of Scarpa's triangle. On removal of this clot,
active bleeding began from a hole in the vein. The artery
was clamped and the same method of procedure employed as
in the preceding cases. In spite of the fact that this operation
was done in an unclean field, the patient made a good recov¬
ery.

 

_-

1 2 3 4
Fig. 3.—1, Suture completed; 2, narrow flap A placed over the suture

line; 3, wider flap folded over narrower flap; 4, cross-section of opera¬
tion completed.

Case 5.—N. B., aged 26, had received a gunshot wound of
the left arm. At the time of admission he had a paralysis of
his left arm involving all the flexors. He also had a pulsating
mass between the internal condyle and the tuberosity. There
was very little, if any, difference in the radial pulses. This
mass caused him no pain or discomfort. At operation it was
found that the ulnar and median nerves were severed. A
distinct bruit could be heard with the stethoscope. The sev¬

ered nerves were sutured and the aneurysm treated as in the
other cases. When the patient returned to the United States
there was no improvement in his arm.

Case 6.—H. D., aged 25, had received a gunshot wound of
the left arm, involving the axillary artery and vein with no
nerve injury. He had a small swelling, about the size of a

marble, which could be felt inside the inner border of the
pectoralis major muscle, and with the stethoscope a bruit was
heard. This swelling gave the patient no discomfort or pain.
On palpation I experienced a purring thrill. I requested this
patient to have the operation because of my experience with
the other axillary case. He made a good recovery and was
returned to the United States.

Case 7.—M. M., aged 33, had received a gunshot wound
of the thigh close to the apex of Scarpia's triangle. He pre¬
sented a small swelling which gave him no discomfort, and at
my request submitted to the operation. He made an unevent¬
ful recovery.

Case 8.—H. M., aged 30, had received a gunshot wound of
the arm involving the brachial artery and vein. There was no
nerve affection in this case. The patient made an uneventful
recovery.

Case 9.—W. M., aged 28, had received a gunshot wound of
the arm involving the brachial artery and vein, presenting a

small pulsating mass at the junction of the lower and middle
third on the inner side of the humérus. He had no loss of
function, but at my request submitted to the operation and
made an uneventful recovery.

Case 10.—J. M., aged 21, had received a through and
through gunshot wound of the left knee. This was the only
fatal case in the series. A large pulsating mass almost filled
the popliteal space. The patient had a great deal of pain,
was unable to extend his leg, and had a marked interference
with the circulation below the knee. No pulsations could be
felt in the dorsalis pedis. On palpation this mass, though
hard, was compressible, and the blood passing through it
could be readily felt. At operation this swelling was found to
be a large dissecting venous sac, with many small tributary
veins. After a great deal of difficulty the mass was freed
from the surrounding tissue, the operation completed as in
the other cases, and the wound closed without drainage. The
patient did very well for three days, having no discomfort,
but there was no improvement in the condition of the leg.
The leg was flexed to an angle of about 45 degrees, and exter¬
nal heat was applied. On the fourth day he had a hemorrhage,
and on the following day I opened the wound and found a
general oozing but no definite point of bleeding. The wound
was gently packed, and on the following day he had another
hemorrhage. Examination revealed that the wound had
become infected, the pus showing a streptococcus. Transfu¬
sion was performed four time, each transfusion being followed
by a short period of improvement; but the patient died on the
tenth day after operation.

At necropsy, I dissected out the popliteal artery in its
entirety. At the site of repair there were no signs of healing.

I attribute the failure in this case to the infection, favored
by the manipulation necessary to free the sac, and the
lowered resistance of the patient.

616 Madison Avenue.

ABSTRACT OF DISCUSSION
ON PAPERS OF DRS. HORSLEY AiND CONNORS

Dr. Rudolph Matas, New Orleans : Dr. Connors' paper
shows the great value of transvenous approach in an
arteriovenous fistula. The number of cases on record is com¬
paratively small. I compiled about twenty-five cases. I
have operated in fifteen cases by the transvenous route.
Most European investigators assumed they were the orig¬
inators of the method, but it is deplorable that they did not
utilize it before, when all the details were published ten years
ago. The method is particularly applicable to cases of long
standing in which there is a large varicose ampulla in case
of direct fistulous communication, in which the vessels lie in
apposition. The ideal is to preserve both vessels if you can.
When you cannot save both vein and artery, save the artery.
It is usually done perfectly by this means.

Dr. Henry O. Marcy, Boston : In reference to suture
material and its method of application fifty years or more
ago : I first applied it in a general way to the cure of hernia.
With a fine needle with an eye near the point, I use it as a
shuttle, making the shoemaker stitch, but daintily as a lady
makes her lace, and with it I have accomplished results I
failed to obtain with the ordinary suture. The material that
I have found best is the kangaroo tendon suture, rather than
silk. Silk is a foreign body at best and has given me trouble
in aseptic wounds, and, therefore, I feel it is a contribution
of the largest possible value to suture the vessels in the
dainty way the seamstress does her work.

Dr. Willy Meyer, New York : Once I came near to sutur¬
ing the lowest end of the abdominal aorta. A man in the
sixties, with advanced myocarditis and endocarditis, suddenly
developed a most acute, intensely painful anemia of both
lower extremities. The diagnosis was embolie closure of
the lower aorta. I operated, but made the mistake of putting
the man in a high Trendelenburg posture in order to reach
the beginning of both common iliac arteries. After division
of the posterior peritoneum, just as I was ready to incise the
vessel, the anesthetist reported "no more pulse." What had
occurred? It was evidently a case of acute dilatation of the
right heart in the presence of a weak myocardium. If I had
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left that patient on his back and eventrated the intestines, I
would probably have been able to avoid the accident. Vessel
suture is most important. Many of us have done it on the
internal jugular vein. As a young man, I once assisted
Dr. Robert F. Weir in suturing the inferior vena cava in
excision of a tuberculous kidney including its thickened cap¬
sule. The patient recovered. In reference to the so-called
"reversal of. the circulation"—a bad misnomer—in thrombo-
angiitis obliterane, I had under my care a young fellow with
thrombo-angiitis obliterans and gangrene. I proposed opera¬
tion on the femoral artery and vein. I had no special train¬
ing in blood vessel surgery, but had repeatedly watched
Dr. Carrel work. I anastomosed the femoral artery with the
vein in Scarpa's triangle, making a typical end-to-end
arteriovenous anastomosis.

 

The patient made a good recov¬

ery ; today, after eight years, he represents the best result
I have ever seen of all the. various treatments of thrombo-
angiitis obliterans. That man is able to walk for miles.
While other patients of this type after about fifteen or sixteen
duodenal flushings with 10 quarts of Ringer's solution daily
lose their pain, they hardly ever lose the claudication. I
believe one should do the blood vessel operation for this
disease much more frequently, in selected cases.

Dr. Harry G. Sloan, Cleveland : In the course of an
excision of a recurrent carcinoma of the jaw, necessitating
dissection in the deep planes of the neck, I accidentally
nicked the internal carotid artery low down in the neck
where it was involved in a mass of scar tissue from a previ¬
ous operation. Before we had stopped the bleeding the vessel
was caught by hemostats which immediately cut through the
sclerosed walls. The possibilities were ligation or repair
by suture. We determined to excise the damaged portion of
the artery and close by end-to-end suture. The systolic blood
pressure was 185. The vessel was very much sclerosed, so

that in preparing the ends of the vessel for the suture little
bits of the vessel wall pulled off like pieces of an uncurled
spring, but we finally succeeded in joining the vessel end to
end by the original Carrel technic. The circulation was shut
off for thirty minutes, but on the completion of the suture the
temporal pulse was immediately felt. Convalescence was

uneventful. The temporal pulse has persisted, and when I
saw the patient a few days ago, a year after the operation, it
was quite normal.

Dr. John F. Connors, New York : I agree with Dr. Matas
as to the time these operations should be done. The suture
method described by Dr. Horsley is practically the method
I used.

Dr. J. Shelton Horsley, Richmond, Va. : I spent many
years of my life in experimental work in arterial suturing,
and naturally I am very much interested in it. I do not believe
that we can promote anything unless we face the facts and
the field of usefulness of arterial suturing has contracted.
Several years ago I did some experiments in which I reversed
the circulation, killing the dogs from half an hour to sixty-
nine days after the operation. I injected the artery just
above the reversal and made roentgenograms and dissections.
In no single instance did the injected mass go much below
the knees. What was the cause of the excellent results in
Dr. Meyer's case? A certain number of these cases of
"reversed circulation" do get better. In obliteration of the
artery, the vein is usually but little affected. The tissues
take up nutrition from the arterial blood in the capillaries.
Say the normal time is three seconds. The arterial blood in
the capillaries, instead of staying three seconds, is drained
away by the unobstructed veins in two seconds. When the
circulation is reversed (so-called) the venous side is
obstructed and the arterial blood stays in the capillaries
longer. This obstruction of the veins can be done more

simply by cutting down on the femoral vein and putting a

ligature around it. This can be done in ten minutes under
local anesthesia. It obstructs venous circulation, dams back
the venous blood in the capillaries and makes the arterial
blood stay longer in the capillaries than if the venous circu¬
lation were unobstructed. Every possible benefit is obtained
that could be gotten by so-called reversal of circulation.

EXPERIENCE WITH MORE THAN ONE
HUNDRED CASES OF EPIDEMIC

ENCEPHALITIS IN CHILDREN

JOSEPHINE B. NEAL, M.D.
NEW YORK

The scope of this paper permits only the briefest ref-
erence to the extensive literature that has grown up
during the last four years around epidemic encephalitis.
The articles referring to the disease, especially in chil-
dren, however, have been comparatively few. Batten
and Still,1 Netter,2 Comby,3 Heiman,4 and others 5 have
contributed to this phase of the subject, reporting, how-
ever, comparatively few cases. Indeed, earlier, it was

thought that adults were much more subject to the dis-
ease than children. In fifty-four early cases studied by
Netter, 77 per cent, of the pateints were more than 15
years of age, and in London 86 per cent. of patients
in early cases were more than 10 years of age.6 In an
earlier article from the meningitis division, it was

pointed out that perhaps a number of cases in children
were overlooked as approximately half our patients
were 15 years of age or younger. Further epidemiologic
study has confirmed this opinion. In a recent and very
thorough study by Happ and Mason7 slightly more
than half their eighty one cases were in this age cate¬
gory. Up to the middle of May, I had studied 274 cases
in exactly half of which (137) the patients were 15
years of age or younger. The exact age distribution is
shown in the accompanying table. One hundred and
twelve, or 40 per cent., of the patients were 10 years of
age or younger.

AGE DISTRIBUTION

Age No of Cases
3 months. 4
From 3 to 6 months., 4
From 6 to 12 months. 8
From 1 to 2 years. 20
From 2 to 5 years. 29
From 5 to 10 years. 47
From 10 to 15 years. 25
Total. 137

From 15 to 20 years. 15
From 20 to 30 years. 56
From 30 to 40 years. S3
From 40 to 50 years. 24
Over 50 years. 9

Total. 274

In contrast to this, in about 65 per cent, of cases of
epidemic meningitis and about 90 per cent of cases of
poliomyelitis, the patients are under 10 years of age.
As regards sex, about 50 per cent, more males than
females are attacked by the disease, but this also holds
true of epidemic meningitis and poliomyelitis. The
seasonal distribution of our cases in New York City is
indicated in the chart, and shows that the maximum
number of cases occurs in the first quarter of the year.

From the Research Laboratory, Department of Health, New York
City.

Read before the Section on Diseases of Children at the Seventy\x=req-\
Second Annual Session of the American Medical Association, Boston,
June, 1921.
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